a b s t r a c t
This data article presents a compilation of microstructural and mechanical data regarding the ternary single-phase FCC MnFeNi medium-entropy alloy (MEA). For the analysis, interpretation, and comparison of the data to literature values, the reader can refer to the original related research article entitled "Effect of Temperature and Texture on Hall-Petch Strengthening by Grain and Annealing Twin Boundaries in the MnFeNi Medium-Entropy Alloy", see Schneider et al. (Metals 9, 2019, 84) . The microstructural data reported here include: (i) raw backscatter electron (BSE) micrographs (tif-files) obtained using a scanning electron microscope (SEM) for nine different grain sizes with four images for each grain size and (ii) pdf reports and tables shown below presenting the distributions of the grain-(d, accounting for grain boundaries only) and crystallite-(c, which accounts for both grain and annealing twin boundaries) sizes and of the annealing twin thicknesses (t). These datasets may be useful to develop new algorithms for the automated evaluation of microstructural parameters in recrystallized alloys, i.e. with these benchmark data, an algorithm for image analysis could be trained to assess the above mentioned microstructural parameters. This would help to speed up the analysis of microstructures and improve its reliability. Additional tables describing the recrystallized microstructures and texture include the average number of annealing twin boundaries per grain (n), and the average Taylor factors (M). Raeisinia et al. (Model. Simul. Mater. Sc. 16, 2008, 025001) recently used a viscoplastic model to show that differences in the distribution of microstructural parameters affect the Hall-Petch parameters, but no attempt has been carried out so far to experimentally investigate this possibility since grain size distributions are rarely reported. Here, our benchmark data (e.g. distribution in grain/crystallite sizes, annealing twins per grain, distribution of annealing twin thicknesses) could be used to address these issues. The data describing the mechanical properties reported here are excel-sheets of raw stress-strain curves for temperatures ranging from 77 K to 873 K and different grain sizes. The yield stress (s 0.2% ) and the normalized Hall-Petch parameters (s 0 /G and k y /Gb 2 ) are given for all temperatures. The normalized Hall-Petch parameters are reported here since they allow to better compare the strength and the magnitude of grain boundary strengthening of different alloys with the same crystallographic structure, see Cordero et Value of the Data High-quality datasets regarding recrystallized microstructures and mechanical properties of the ternary MnFeNi mediumentropy alloy are reported here. These data may be useful for other researchers in the community of high-and mediumentropy alloys. This data compilation (BSE micrographs, Tables and pdf-files reporting the grain/crystallite-size distributions, Tables presenting the size distribution of the annealing twin thicknesses and Tables where the density of annealing twins as well as the texture are reported) can be used for the development of algorithms for image analysis to further improve the automated analysis of microstructures. Our stress-strain curves could be used to further improve the automated analysis of yield stresses (machine learning). The normalized Hall-Petch parameters reported here (correlation between yield stresses and grain/crystallite sizes) could be useful for other researchers who are interested in how these parameters are affected by chemistry, microstructure (especially grain size distribution), and alloy parameters such as the stacking fault energy and the shear modulus
Data
High-and medium-entropy alloys are currently intensively studied by the materials-science community [1e8]. However, raw data are rarely reported in the literature which precludes data mining for alloy development, see Ref. [9] . The data presented in this article are microstructural and mechanical data for the single-phase FCC MnFeNi medium-entropy alloy. Recrystallization heat treatments at temperatures lying in the range (1073 Ke1473 K) for times between 45 min and 120 min yielded nine different recrystallized microstructures. Four BSE-micrographs were recorded for each heat treatment. Since most of the BSE micrographs have a resolution of 4096 pixels Â 3775 pixels, the size of all attached tif-files exceeds the upload limit of "Data in Brief" (500 MB). Therefore, in the attached zip-file, we only provide one BSE micrograph per grain size. However, to make all BSE images available, the complete set of BSE micrographs can be either downloaded from https://ruhr-unibochum.sciebo.de/s/dkr1YdHihA4rTJL or be sent on request by email. The BSE-images were used in combination with the lineal intercept method to determine the grain-and crystallite-size distributions, see Figs. 1 and 2, Tables 1 and 2 , and pdf-reports in the supplementary zip-file. Fig. 1a shows two
Histograms that compare the grain size distributions of specimens having the smallest (d ¼ 17 mm, red data) and the biggest (d ¼ 216 mm, purple data) average grain sizes. Fig. 1b shows a probability plot of the cumulative frequency vs. the logarithm of grain diameter class for the seven specimens with different recrystallized microstructures, that were used for compression tests. Note that a numerical linearization of the Gaussian distribution function was used on the scale of the y-axis in Fig. 1b . The BSE micrographs were also used to measure the average grain (d) and crystallite (c) sizes, the number of annealing twin boundaries per grain (n) and the distribution of the annealing twin thickness (t), which are reported in Tables 1e4, respectively. All values are given with their respective uncertainties.
Additionally to the Heyn lineal intercept method performed on BSE micrographs, we also used another method to determine mean grain-and crystallite size distributions, which is based on electron backscatter diffraction (EBSD), see Tables 5 and 6. Table 7 compares the mean grain sizes and corresponding standard deviations obtained with these two different methods for all recrystallized microstructures. Also shown in Table 7 are the Taylor factors (M) which were determined by EBSD. Fig. 2 compares the grain size distributions of the specimen showing the smallest grain size (d ¼ 17 mm, 1073 K for 45 min) obtained by the two different methods. The blue histogram and the fitted Gaussian curve represent the data obtained by EBSD whereas those in red color were obtained using the Heyn lineal intercept method on BSE micrographs.
For seven of the nine grain sizes, compression tests were conducted. The Excel-sheets containing the corresponding stress-strain data can be found in the zip-file under the "Compression_Tests"-folder. This folder is divided into eight subfolders corresponding to eight testing temperatures. The Excelsheets in these folders are named using the three following characteristics: alloy composition, recrystallization heat treatment (temperature and time), and compression test temperature. The Excelsheet for a compression test conducted at 873 K, where the sample was recrystallized at 1073 K for 45 min is, therefore, labeled as: "MnFeNi_1073 K_45min_873 K". From these stress-strain datasets, the yield stresses at 0.2% plastic deformation (s 0.2% ) determined at different temperatures for various grain Table 1 Grain size distribution and mean grain size (d) with uncertainty (Dd), after heat treatments at different temperatures and times. These data were obtained from BSE micrographs. The parameter (d) only accounts for the intersections of the test lines with grain-boundaries.
Cluster
Absolute frequency and crystallite sizes are given in Table 8 . These data allowed us to plot the yield stress as a function of the square root of the average grain/crystallite size. From these Hall-Petch plots, the intrinsic lattice strength (s 0 ) and the Hall-Petch slope (k y ) were determined following the procedures reported in Ref. [1] . These values were then respectively normalized by G and Gb
1/2
, where G is the temperaturedependent shear modulus and b is the Burgers vector, as shown in Ref. [10] . Both parameters were taken from Ref. [7] . The normalized data (s 0 /G and k y /(Gb 1/2 )) are listed in Table 9 . Using the temperature dependence of the yield stress obtained for the biggest grain/crystallite size (see Ref. [1] ), the intrinsic lattice strength and the Hall-Petch slope were calculated (interpolated) for temperatures of 173 K, 223 K, 373 K, and 473 K using Eqs. (1) and (2) of Ref. [1] . These interpolated values are marked with an asterisk in Table 9 . For further details on the experimental methods and calculations, the reader can refer to the related research article [1] .
Experimental design, materials, and methods
BSE micrographs were recorded in an SEM of type Quanta FEI 650 ESEM operating at a working distance of~10 mm. Acceleration voltages between 15 kV (small grains) and 20 kV (large grains) were chosen to optimize the BSE contrast. Four BSE images spaced 1 mm apart were collected for each grain size, except for the three coarsest microstructures. In this latter case, nine images were collected and assembled, covering an area representative of the whole cross-section of a compression specimen. These micrographs were then used to determine the mean grain (d) and mean crystallite (c) sizes and their distributions using the Heyn lineal intercept method with four horizontal and four vertical lines. Table 3 Average number of annealing twin boundaries per grain (n). Each line intersected~50 grains resulting in 300e500 intercepts per micrograph, similar to the procedure reported in Ref. [2] . The same procedure was used to determine the size distribution of the annealing twins, which is reported in Table 4 including the mean values (t) and corresponding uncertainties (Dt). Using the data for d and c and the equation n ¼ (d/c e 1), the average number of annealing twin boundaries per grain (n) was calculated, see Table 3 . Table 5 Grain size distribution and mean grain size (d EBSD ) with uncertainty (Dd EBSD ), after heat treatments at different temperatures and times. These data were obtained by EBSD.
Cluster Absolute frequency Grain orientation maps were determined by electron backscatter diffraction (EBSD) in the abovementioned SEM equipped with a Hikari XP camera (EDAX, AMETEK). From these orientation maps, grain-and crystallite size distributions (d EBSD , c EBSD , see Tables 5 and 6 , respectively) and Taylor-factors (M, see Table 7 ) were determined. Evaluation of the data was done using the TSL OIM Analysis (version 6.2.0) software. Fig. 2 and Table 7 , where A is the cross-sectional area of the grain/crystallite and since annealing twins are not equiaxed, but exhibit an elongated geometry, the equation c ¼ (A p/4) 1/2 should not be used to compute a mean crystalitte size according to the standard test method ASTM EÀ112 [11] .
Compression tests were conducted in a Zwick Roell XForce Z100 machine at temperatures ranging from 77 K to 873 K and at a nominal strain rate of 10 À3 s
À1
. The compression specimens were deformed up to plastic strains ranging between 16% and 22%. 
